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Abstract 
Algeria has experienced over the past four decades, several periods of drought which led to the use of seawater desalination 
through a vast program initiated in 2003. The program is implemented to achieve 13 seawater desalination units, to produce 2.3 
million m3/day in 2011, to meet needs for potable water, as well as those of small and medium industries in the coastal regions 
and neighboring regions. This capacity will reach 2.5 million m3/day in 2015, taking into account the tourism development in 
these regions. Because the program set up is based solely on fossil energy and that desalination technology is a major consumer 
of energy, to ensure sustainability of water resources and save the energy source (natural gas), it became necessary to initiate 
prospective studies to replace, for this purpose, fossil energy by other energy sources such as: renewable energy and nuclear 
energy. Currently, nuclear power is presented as a more attractive solution through the development and technological expertise 
recorded in the field of nuclear desalination integrated systems. Several demonstration units have been realized which have 
gained an undeniable know how. The experience accumulated in this area is estimated to 247 reactor-years.  
For this purpose, a study of nuclear desalination unit is performed for a potential site located in the Western Algerian coast, 
which is characterized by a very low rainfall rate of 400 mm/year. This study is taken in the national context. Indeed, the energy 
sources outputs that are candidates in this study are based on the Indicative Program of Electricity Generation developed in 
Algeria. The outputs related to nuclear energy are in respect with the threshold fixed to 10% of the maximum power installed. 
The definition of nuclear desalination unit capacity is fixed to meet the water demand of the population of this region covering a 
period of 25 years beyond 2025.The cogeneration option is taken into account in this study. 
In this study, we present the economic evaluation results of coupling several nuclear reactors with two desalination processes 
MED and RO, using DEEP3.1 software. These results are compared with those obtained with fossil energy sources based on 
Natural Gas.  
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1. Introduction 
In Algeria, The water shortage is due to several worsening factors; long periods of dryness, disparities between 
the urban and rural zones, an increase in population, an unequal distribution of water resources, an increase in 
pollution, and modifications of the physical environment. These factors destabilized the already precarious balance 
of the environment [1]. 
Rainfall is the most significant parameter in the evaluation of water resources. The annual averages of precipitation 
follow a North-South distribution which defines the climatic zones of Algeria. There is also a notable difference 
between the Eastern and the Western parts of the northern band of the Country. For instance, Oran’s area (380 km 
West of Algiers) has a low rainfall rate (400 mm/year). That shows that it is the rainfall which defines the major 
distribution of water resources (surface and underground) and explains the notable regional differences [1]. 
Algeria is among the Mediterranean countries experiencing water stress, for this reason the seawater desalination is 
becoming the most attractive solution, given the rapid increase in water demand of population, agriculture and 
industry. In addition, factors that justify the use of nuclear energy for electricity generation also militate in favour of 
its potential use in seawater desalination. Since the implementation of the current program - estimated at 2.3 million 
m3/day - is based solely on fossil energy source and that the biggest constraint to desalination is energy 
consumption in cubic meter of water produced, it appears appropriate and convenient to use nuclear energy in order 
to preserve the energy source used (natural gas) and ensure the sustainability of unconventional water 
resources. Nuclear energy is considered a realistic option because of the technological advances achieved, in recent 
years, on nuclear integrated desalination systems. 
Therefore, the main objective of this study is an economic evaluation of integrated nuclear desalination systems on 
eastern part of Arzew bay, located in the North-West region of the country which experiences water stress. 
This assessment is a combination of nuclear and fossil energy sources with desalination systems for one selected 
site: Mostaganem. This study consists of determining the economic option among the considered combination 
between power plants and desalination processes. Currently one seawater desalination unit, of total capacity 200,000 
m
3/day, using fossil energy is being constructed on this considered site. The scheme of exploitation of this unit is 
‘Built, Own and Operate’ (BOO), the expected lifetime is 25 years and its operation is foreseen to begin in 2011. 
The capacity of this unit is necessary to satisfy, in the coming year, the water needs of Mostaganem City and 
neighbouring regions [2]. 
The capacity fixed for the nuclear desalination plant is regarded as an additional capacity which will be used to 
satisfy, beyond 2025, the water needs of the considered region.  
2. Presentation of selected site and population forecast 
2.1. Presentation of selected site 
The potential site planned to host the nuclear seawater desalination unit is located in the northern part of 
Mostaganem city (approximately 340 km west of Algiers, see Fig 1a) which is 40 km from Oran – a main city in the 
western region of Algeria. The selected site is close to the mouth of Oued Chellif River. All facilities (electric mains 
network, potable water supply, access roads to the chosen site) are available and suitable for safe and reliable 
operation of nuclear desalination unit. 
             
Fig. 1. (a) Bay of Arzew; (b) Geographical Situation of Selected Site 
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The climate of the site concerned by this study is of Mediterranean type. The Mostaganem region, hosting the 
potential site of nuclear desalination plant, is characterized by a semi-arid climate at moderate winter and an average 
annual pluviometry which vary between 230 mm on the plate area and 380 mm on low coasts of the Dahra mount. 
Mostaganem region includes a variety of hydrogeological units comprising several aquifers used for irrigation.  
From a socio-economic point of view, the region of Mostaganem is intended for agricultural. The groundwater 
resources of Mostaganem region are exploited by an important number of wells.  
2.2. Population forecast 
The population of Mostaganem city and neighboring regions is around 631,058 inhabitants in 1998 [3], 
meanwhile this figure is expected to reach 894,840 inhabitants in 2020. Table 1 illustrates the population forecast 
for Mostaganem city and neighboring regions up to 2020. 
Table 1. Population forecast for Mostaganem city and neighboring regions 
region 2010 2015 2020 
Mostaganem 781,880 826,055 894,840 
3. Water evolution perspective 
The evaluation of water needs/resources for the 2003-2020 period of Mostaganem and its neighboring regions 
was carried out by considering two scenarios according to the rainfall. The scenarios selected are: average period 
and dry period. This evaluation considers several factors (the population increase, the irrigated perimeter increase, 
the re-use of waste water, the realization of desalination units, and the rehabilitation of the networks to reduce water 
losses to less than 20%).These resources are evaluated according to two scenarios by considering that all the 
investments to the projected infrastructures will be carried out. 
Scenario 1: average period corresponding to an average contribution of the rainfall [4, 5]. 
Scenario 2: dry period corresponding, on one hand to a deficit of 50% of the inter-annual average contribution 
                 of rainfall, and on the other hand with a reduction in precipitations for the long term [4, 5].   
Table 2 and Figure 2 summarize the analysis of the evaluation of the water needs/resources for the period indicated 
according to scenario 1, and Table 3 and Figure 3 according to scenario 2. 
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Fig. 2. Assessment of water needs/resources (Scenario 1)  Fig. 3. Assessment of water needs/resources (Scenario 2) 
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Table 2. Water needs/resources for average period (calculated) 
Horizon Population 
(inhabitants) 
Needs 
(Hm3) 
Resources 
(Hm3) 
2010 781,880 97 105 
2015 826,055 94 183 
2020 894,840 108 340 
Table 3. Water needs/resources for dry period (calculated) 
Horizon Population 
(inhabitants) 
Needs 
(Hm3) 
Resources 
(Hm3) 
2010 781,880 107 75 
2015 826,055 104 150 
2020 894,840 120 251 
      
4. Electricity evolution perspective 
The total power installed on the inter-connected national network existing at the end of 2009 was 9,109 MW 
(2,732.7 MW from steam turbines (ST), 3,825.78 MW from gas turbines (GT), 2,277.25 MW from combined cycle 
(CC) and 273.27 MW from hydraulics (HT). This energy capacity is produced by five companies: the States’ 
company ‘’Sonelgaz Production Electricité-SPE’’ (62%), and four private companies ‘’Sharikat Kahrabaa Skikda-
SKS” (15%), ‘’sharikat KAHRAbaa wa MAa d’arzew-KAHRAMA’’ (6%), ‘’Sharikat Kahraba Berouaghia-SKB” 
(7%) and ‘’Sharikat Kahraba Hadjret En Nouss-SKH” (10%) [6].  
As an indication, the total power installed on the national inter-connected network at the end of 2005 was 6,451 MW 
(2,740 MW from steam turbines (ST), 3,436 MW from gas turbines (GT) and 275 MW from hydraulic turbines 
(HT)). An increase of 41.2% of the total capacity has been realized in 2009. 
Currently an additional 2,550 MW energy production capacity is under construction. For the period 2013-2015, it 
was decided the reinforcement of the energy production by another additional capacity of 2,400 MW. All the 
additional capacities decided and in the course of construction over the period 2010-2015 add up to 4,950 MW [6]. 
For the development of electricity production means, two scenarios are projected: average and high scenarios. The 
two scenarios correspond to the electric demand forecasts supported by specific technical and socio-economic 
assumptions.   
This projected development is given on the basis of a strategy privileging the use of natural gas as the principal fuel, 
in coherence with the national energy policy directions which also considers the introduction of solar, wind and 
nuclear energies, with nuclear energy taken into account beyond 2020. The selected technologies for electricity 
production are: gas turbines (100 to 200 MW range) and combined cycles (400MW range). 
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Fig. 4. Evolution of maximal power demand on the national inter-connected network [7]. 
As indicated in Figure 4, the average scenario is based on load forecasts corresponding to a moderate economic 
growth with a maximum power demand of 13,680 MW in 2019 and a volume of production equal to 79,630 GWh. 
The high scenario is based on load forecasts corresponding to a constant economical revival, with a maximum 
power demand of 16,270 MW in 2019 and a production volume of 94,470 GWh. 
5. Selection of criteria for assessing technologies of  coupled nuclear reactors to desalination systems 
As a result of the socio-economic vocation of the Mostaganem region and to the high exploitation of 
groundwater resources for agricultural purposes rather than for domestic needs, the implementation of a seawater 
desalination unit is considered more than necessary to cope with the development strategy of this region. The 
selected production capacity of the desalination unit, about 200,000 m3/day, is intended to take charge the water 
supply of Mostaganem and its neighboring regions.  
The technologies used for desalination are those that are widely used currently in the world and which meet 
inherently to the technical and economic requirements such as: RO, MED and RO- MED.  
Due to the evolution in the current energy demand and that projected for 2019, it is essential in Algeria to think for 
other ways of energy production such as nuclear power in the context of diversification of energy sources.  
For this purpose, the size of nuclear power plant chosen for this study must be consistent with the evolution of the 
energy capacity installed in the country. Therefore, two scenarios are proposed. The first scenario calls for the use of 
a nuclear power 1000 MW coupled to desalination processes selected and the second scenario uses the Small and 
Medium Reactors (SMR): GT-MHR and PBMR, also coupled to desalination processes selected. 
6. Economic evaluation 
Calculations are performed using the Desalination Economic Evaluation Program software DEEP-3.1 which has 
been developed originally by General Atomics under contract, and has been used in the IAEA’s feasibility studies. 
DEEP output includes the levelized cost of water and power, a breakdown of cost components, energy consumption 
and net saleable power for each selected option. Specific power plants can be simulated by adjustment of input data 
including design power, power cycle parameters and costs. In this part of the present study, we are carrying out 
economic evaluation and comparison of various energy source options coupled with different seawater desalination 
processes. The various case studies include the cost and performance models of several types of nuclear and fossil 
energy sources. 
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For the site considered, the following parameters (Tables 4, 5) are the DEEP hypothesis related to desalination 
processes and power plants: 
Table 4. DEEP hypothesis related to desalination processes [8]. 
Desalination Plant 
 RO MED RO-MED 
Production capacity (m3/day)    216,000 
Plant life (year) 25 -30 25 - 30 30 
Construction specific cost [$/(m3/day)] 900 900 900 
Module capacity (m3/day) 24,000 24,000 24,000 – 12,000 
Purchased electricity cost ($/kWh)   0.04 
Seawater Characteristics 
Temperature (°C 24.0 Salinity, TDS ppm   38,500 
Table 5. DEEP hypothesis related to power plants [8, 9, 10, 11, 12, 13, 14 and 15]. 
Power Plant 
 GT-MHR PBMR AP1000 PWR-900 NGCC-400 NGT-100 NGT-200 
Currency reference year 2006 
Interest (%) 5, 8 and 10 
Net electrical power (MW) 
Net thermal power (MWth) 
Efficiency (%) 
Number of power plant (units) 
Plant availability (%) 
Construction lead time (year) 
Plant life (year) 
Construction specific cost 
($/kWe) 
Fossil fuel price ($/bbl) 
Nuclear fuel costs ($/MWh) 
CO2 emission (g/kWh) 
Carbon tax ($/t) 
286.2 
592.2 
48.3 
01 
91.2 
04 
40-60 
1073 
- 
7.4 
- 
- 
114.9 
266 
43.2 
02 
91.2 
02 
40-60 
1650 
- 
5.0 
- 
- 
1117 
3400 
32.7 
01 
93.0 
03 
60 
1100 
- 
3.4 
- 
- 
951 
2727 
33.0 
01 
91.2 
05 
40 
1763 
- 
7.2 
- 
- 
412.9 
700 – 843(c)
59.0 – 49.0(c) 
01 
95.0 
02 
40 
600 – 878(c)
60 
- 
363.0 – 60.0(c) 
50.0 
146 
406 
36.0 
01 
90.0 
02 
40 
525 
60 
- 
222 
50.0 
241 
670 
36.0 
01 
97.7 
02 
40 
419 
60 
- 
222 
50.0 
7. Results and discussions 
Considering the number of cases which be evaluated by DEEP-3.1 code, different cases relevant to the selected 
site are studied. For this purpose, we use DEEP-3.1 software to estimate and compare the cost of water produced by 
nuclear and fossil energies. 
In this study, we propose three scenarios. The energy sources outputs that are candidates in the three scenarios are 
based on the Indicative Program of Electricity Generation developed in Algeria. The outputs related to nuclear 
energy are in respect with the threshold fixed to 10% of the maximum power installed. The cogeneration option is 
taken into account in this study. 
140  Abderrahmane Belkaid et al. / Procedia Engineering 33 (2012) 134 – 1457 Belkaid et al/ Procedia Engineering 00 (2011) 000–000 
7.1. Scenario 1 
This scenario corresponds to the period 2020-2030. The nuclear power reactors proposed for this scenario have 
an output of 1000 MW. This corresponds to the use of the ‘Advanced Pressurized Water Reactor AP1000’ and 
‘Pressurized Water Reactor PWR900’ which respectively produce 1117 and 951 MW.  
As shown in Figure 5, the AP1000-RO – with a 30 years desalination plant lifetime and 5% interest rate – appears as 
the most economical option as it produces water at a 0.471 $/m3. The high cost corresponds to PWR900-MED/TVC 
with a 25 years desalination lifetime and 10% interest rate. The cost reduction between to two configurations is 
about 31%. 
The hybrid system coupled to AP1000 is the most competitive option compared to the hybrid system coupled with 
PWRb900, for each value of interest rate. The average reduction of cost is 11% between the two options. 
             
Fig. 5. Comparative results of coupling AP1000 and PWR900 with desalination systems 
7.2. Scenario 2 
This scenario also corresponds to the same period 2020-2030 but the energy sources candidates in this scenario 
have a size corresponding to small and medium reactors. The nuclear reactors selected for this case are Gas Turbine 
Modular Helium Reactor and Pebble Bed Modular Reactor with respectively 286 MW and 115 MW outputs. In this 
scenario, two values are considered for the lifetime of the energy plant: 40 and 60 years. 
                                                          
c Value corresponding to carbon capture technology
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Fig. 6. (a) Comparative results of coupling GT-MHR and PBMR with desalination systems corresponding to 60 years energy plant lifetime 
As indicated in Figure 6(a), the best option corresponding to 60 years energy plant lifetime is the                            
GT-MHR-MED/TVC with 30 years lifetime desalination plant and 5% interest rate. This option produces water at a 
cost of 0.503 $/m3. 
             
Fig. 6. (b) Comparative results of coupling GT-MHR and PBMR with desalination systems corresponding to 40 years energy plant lifetime 
As indicated in Figure 6(b), the best option corresponding to a 40 years energy plant lifetime is GT-MHR-
MED/TVC with also 30 years lifetime desalination lifetime and 5% interest rate. This option produces water at a 
cost of 0.504$/m3. 
There is similar tendency on the evolution of water cost produced by the configurations studied for both 40 and 60 
lifetimes of energy source. In general, the difference in the cost between configurations corresponding to 40 and 60 
lifetimes of energy source is estimated to 0.5% only. This is due to fixed charges which are invariable despite the 
high increase in the energy plant lifetime.  
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7.3. Scenario 3 
The energy sources candidates in this scenario have an output corresponding to a strategy privileging option 
related to fossil energy in Algeria: Natural Gas Combined Cycle 400 MW, Natural Gas Turbine 100 MW and 
Natural Gas Turbine 200 MW. In this scenario, we consider two options: with and without carbon tax. 
By considering configurations with and without carbon tax, we find that the configuration NGCC400-RO is the 
most competitive. In introducing the plant lifetime variable and the interest rate variable, it appears that the option 
with the lowest cost corresponds to a lifetime equal to 30 years and 5% interest rate (without carbon tax). This 
option produces water at a cost equal to 0.753 $/m3. 
When we consider 25 and 30 desalination plant lifetimes, it appears that the difference between the most economic 
options is estimated to 2.2%. 
For configurations with carbon tax, we see the same tendency in the evolution of the water cost. The most 
economical option is NGCC400-RO whose cost is 0.782 $/m3, with 30 years desalination plant lifetime and 5% 
interest rate. 
For all the configurations corresponding to NGCC400-RO, the influence of the interest rate on the water cost 
produces an average gap equal to 2%. 
             
Fig. 7. (a) Comparative results of coupling NGCC400, NGT100 & NGT200 with desalination systems, corresponding to 25 years without carbon 
tax 
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Fig. 7. (b) Comparative results of coupling NGCC400, NGT100 & NGT200 with desalination systems, corresponding to 30 years without carbon 
tax 
             
Fig. 8. (a) Comparative results of coupling NGCC400, NGT100 & NGT200 with desalination systems, corresponding to 25 years with carbon tax 
             
Fig. 8. (b) Comparative results of coupling NGCC400, NGT100 & NGT200 with desalination systems, corresponding to 30 years with carbon tax 
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In this scenario, an additional variable is introduced. It is about the technology of carbon capture. The energy source 
considered in our case is the NGCC-400. 
By considering all configurations in this case, we see that the configuration NGCC400-RO -with 30 years 
desalination plant lifetime and 5% interest rate- is the most competitive option. In introducing the carbon capture 
variable, it appears that the difference between most economic options is estimated to 1%.    
             
Fig.9. (a) Comparative results of coupling NGCC400 with desalination systems, corresponding to 25-30 years with carbon tax 
             
Fig.9. (b) Comparative results of coupling NGCC400 with desalination systems, corresponding to 25-30 years with carbon tax & carbon capture 
  
8. Conclusions 
The objective of this study is the preliminary feasibility study necessary to evaluate the potentialities of using 
nuclear energy for electricity and potable water production. For this study different variables are introduced taking 
into account the development introduced in fossil and nuclear energy production technologies.  
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The site considered in this case is in a region which experiences water stress, where water needs compared to strong 
demand during the last years went in crescendo because of the population increase and agricultural vocation of this 
area. The production capacity of the nuclear desalination plant satisfies water demand of Mostaganem city and its 
neighboring regions, for two to three decades beyond 2025. In addition, the electricity produced by this plant allows 
the satisfaction of its own needs and improves the reliability of the local electric mains network. 
Calculations are performed using the Desalination Economic Evaluation Program software DEEP-3.1. The 
economic evaluation and the comparison of the various energy source options coupled with different seawater 
desalination processes have been carried out. The various case studies include the cost and performance models of 
several types of nuclear and fossil energy sources.
Energy sources used in this study are in compliance with the strategy adopted in the program requirements in terms 
of electricity generation for the period 2010-2019 and that corresponding to the next decade. 
When comparing between configurations of scenarios 1 and 2, we find that the difference in water cost varies from 
6% to 26%. Similarly, by comparing the configurations using nuclear energy with those based on fossil fuels, we 
find that the difference in water cost varies from 37% to 54%. 
It proves that nuclear desalination option is more competitive compared to desalination based on fossil energy. 
Finally, for a better estimation of water cost, other aspects must be also considered such as: environment, safety, 
transport and other economic parameters.  
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